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THE COMPRESSIBILITY OF PRECONSOLIDATED TILL 
by William H. Koechlein 
SYNOPSIS 
Preconsolidated glacial till was tested "in-situ" with the 
Geoprobe and in the laboratory on undisturbed soil samples. The 
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two soil testing methods were compared and three tests; consolidation, 
"thin-cake", and Geoprobe were analyzed to see if a more rapid method 
for determining the preconsolidation stress of soil could be developed. 
When comparing Geoprobe results to laboratory results for foundation 
conditions, it was found the two methods agreed on bearing capacity 
but differed significantly on settlement. The three tests analyzed 
for determining the preconsolidation stress indicated they are a 
function of preconsolidation stress even though there was variation 
in the test results. This variation in test results was very small 
with low stress and greater with higher stress. Also, the "thin-cake" 
test maximum agreed with the Geoprobe creep limit, which is indicative 
of good agreement between two testing methods for defining the stress 
strain properties of the soil. 
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INTRODUCTION 
Soils and foundation engineers are searching constantly for 
quicker and more reliable methods for the determination of the 
engineering properties and behavior of the natural soil deposits. 
"In-situ" testing has been recognized by many engineers as a possible 
solution, but many of the "in-situ" testing methods are cumbersome, 
expensive and of questionable reliability. In the 1950's, 
Louis Menard invented a pressuremeter capable of performing "in-situ" 
load tests at varying depths in a bore hole. Menard's pressuremeter 
has since been refined by a Canadian firm, Geoprobe (Quebec) Ltd., 
and is now called the Geoprobe. The Geoprobe consists of a load 
cell which is lowered into the bore hole and connected by plastic 
tubes to the control unit at the ground surface. The load cell is 
an inflatable cylinder consisting of an interior rubber chamber which 
is inflated with a suitable gas, a stainless steel tubular braided 
cover enveloping the inflatable chamber and protective rubber covers 
on the outside. The control unit contains the instruments for 
controlling the load cell and measuring volume changes in the load 
cell as it is expanded in the bore hole (10,11). 
The program of testing is accomplished by making a series of 
timed readings at constant pressures. With each increase in pressure, 
the electronic instruments in the load cell and control unit record 
the volume change on a chart. The result of the test is a pressure-
volume diagram which provides information on the stress-strain 
characteristics of the material. This information is used to compute 
the allowable bearing capacity, modulus of compression, shear strength, 
3 
cohesion, angle of friction and settlement characteristics for the 
material (10,11). All of these parameters can be obtained by applying 
calculations techniques developed in "Rules for the Calculation of 
Bearing Capacity and Foundation Settlement Based on Pressuremeter 
Tests" by Menard (16) to the data obtained from the Geoprobe test 
results. These rules are based on actual field experience with the 
original Menard pressuremeter (6, 17). 
The Geoprobe can be used to test a variety of materials such as 
sand and gravel, silt, clay, compacted fills, weathered and broken 
rock, solid rock and hardpan soils. A glacial till deposit in Aurora, 
Illinois was chosen for Geoprobe testing. Undisturbed soil samples 
were obtained from the same deposit and a series of laboratory tests 
were performed on the samples. The purpose of this paper is to make 
a comparison of the two methods and to see if a more rapid method of 
determining the preconsolidation stress of a glacial till can be 
developed. 
LOCATION AND GLACIAL HISTORY 
The soil sampling and Geoprobe testing was conducted on the site 
of the Oak Park School in Aurora, Illinois. Aurora is located to the 
west of Chicago and in the southeastern corner of Kane County. The 
town is located on both sides of the Fox River, which flows in a 
southwesterly direction. The school is located in the section of town 
on the eastern side of the river and this section is located on part 
of the Minooka Moraine (3). 
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Four known glacial ages have occurred in North America which are, 
in order of occurrence, the Nebraskan, Kansan, Illinoian, and 
Wisconsin. Of these four, evidence of the Kansan, Illinoian and 
Wisconsin ages have been found in Illinois. The Wisconsin Age being 
the most recent in Illinois, is thus more preserved showing only 
slight weathering and almost unmodified glacial topography. The 
portion of the Wisconsin ice sheet which covered about a third of 
Illinois advanced from the Great Lakes area into northeastern Illinois. 
Thus, the area surrounding Aurora is composed of the deposits remaining 
from the Wisconsin Glaciation. During the Wisconsin Age several 
advances and retreats of the ice sheet occurred with the extent of 
each advance being marked by a terminal moraine. Three such advances 
are known to have occurred beyond Aurora and these are the Farmdale, 
Shelbyville - Iowan, and Bloomington substages. Little is known about 
the Farmdale substage, but during the Shelbyville - Iowan substage the 
Shelbyville moraine was formed and during the Bloomington substage the 
Bloomington morainic system was formed. In the following Cary substage, 
the Marseilles moraine was formed, then the ice sheet retreated a little 
further to form the Minooka moraine. After forming the Minooka moraine, 
the ice retreated to the northeast advancing again to the tip of 
Lake Michigan forming the Valparaiso morainic system around Chicago 
(7,13,14). 
Aurora is located on the western edge of the Minooka moraine, just 
north of the Marseilles moraine, and the bed of the Fox River, is 
limestone at points 3 miles north of Aurora and 3 miles south of Aurora 
(9). Therefore, all the soils in the Aurora area should consist of 
glacial till and outwash of Wisconsin Age. 
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FIELD SAMPLING AND TESTING 
In May, 1967, undisturbed soil samples were obtained at the Oak 
Park School site using 3 inch continuous Shelby tubes. The samples 
were taken at 1.5 feet intervals, from a depth of 2.0 feet to 30.5 
feet below the ground surface, recovering a total of seventeen out of 
a possible of nineteen samples (Samples 7 and 11, at depths 11.0 feet 
and 17.0 feet respectively, were not recovered). As the hole was 
advanced, the soil was observed to be very moist at 6.0 feet below the 
ground surface and at the end of the sampling the water table was 
observed to be at 10 feet below the ground surface. 
In July, 1967, a 3 inch auger hole was drilled to 30 feet below 
the ground surface and an NX size Geoprobe, 3 inch, was lowered into 
the hole and tests were run at depths 4, 7, 10, 13 and 16 feet below 
the ground surface. During the test at 16 feet, the Geoprobe rubber 
chamber failed and therefore data is available only for depths 4, 7, 
10 and 13 feet. In all tests, except the test at 13 feet, the Geoprobe 
pressure was increased beyond the creep limit. 
the creep limit was never reached. 
LABORATORY TESTING 
In the test at 13 feet, 
The laboratory testing was started by removing the wax from the 
bottom of the Shelby tube, running four pocket penetrometer tests on 
the soil in the tube, and then extruding the soil from the tubes in 
the same direction the soil entered the tube. Only one sample, 
number 8, could not be extruded and it was removed from the tube by 
splitting the tube open lengthwise. As a result sample 8 was cracked 
and badly disturbed. As each sample was extruded, it was examined in 
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a moist room noting sample length, color changes, cracks, and the 
presence of coarse gravel. After visual examination each sample was 
carefully wrapped with two layers of plastic wrap, sealed at both ends 
and stored on a table in the moist room. The longest time any sample was 
stored in this manner was seven weeks during which time no significant 
moisture content changes were noted. 
Using the notes obtained from the sample examination, a testing 
program was planned for each sample. The following tests were performed 
whenever possible: one dimensional consolidatio~ unconfined compression 
on "standard" and "thin-cake" samples, grain-size analysis, Atterberg 
limits, specific gravity and moisture content determinations. 
The test samples were selected from each Shelby tube sample in the 
following manner with all trimming and cutting performed in the moist 
room. A "standard" unconfined compression sample was first cut off the 
bottom of the tube sample, next a consolidation sample was trimmed into 
a consolidation ring, and finally a "thin-cake" sample was cut off. The 
"standard" unconfined compression sample was normally stored in plastic 
wrap in the moist room until a later date and the consolidation sample 
was immediately placed on the consolidation machine. All remaining soil 
was saved for further tests, if necessary. This method of selecting 
test samples was followed in all cases except in isolated instances 
where coarse gravel or cracks in the sample dictated a change in 
procedure. 
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The consolidation tests were performed on either medium or high 
capacity lever type consolidation machines. Two fixed ring consolido-
meters with rings having a diameter of z.s inches and a height of 1.0 
inch were used on the high capacity machine and two fixed ring consol-
idometers with rings having a diameter of 2.5 inches and a height of .75 
inch were used on the medium capacity machine. All samples were seated 
overnight with a small load before beginning the consolidation test. 
Load deflection tests were performed for each machine when all the 
tests were completed. 
The unconfined compression tests were performed on "standard" 
samples with an average height of 5.60 inches and an average diameter 
of 2.85 inches and on "thin-cake" samples with an average height of 
1.00 inch and an average diameter Of 2.83 inches. All of these samples 
were tested on a Farnell testing machine using a constant rate of strain 
of .049 inches per minute. The "standard" unconfined compression samples 
were loaded to failure and the "thin ... cake" samples were loaded to 
approximately thirty percent strain. 'l'he purpose of the "thin-cake" 
sample is to obtain an estimate of the preconsolidation stress of the 
soil. 
The soil remnants from the ''standard" unconfined compression tests 
and the consolidation soil trimmings were air dried and then pulverized. 
This soil was then used for grain-size analysis and Atterberg limits. 
The specific gravity determinations ~ere made using the specimen that 
was recovered from the consolidation ring at the end of the consolidation 
test. 
Moisture contents were determined for each Shclh\' t1dw s:nnp1l' h\· 
taking three samples from consolidation trinm1ings :md Lhrl'(' s:lmpll'.'; 
from unconfined compression "standard" tests. 
the average of these six determinations. 
DISCUSSION OF TEST RESULTS 
Soil Classification 
As previously mentioned, the soil s3mples used for this study :Jr(' 
from an area which has been subjected to glaciation and this L1ct 
should be considered when examining the properties of the soil. The 
basic properties of this soil determined from the test results and 
visual inspection are sununarized in Table I. An examination of this 
data reveals that basically the subsoil is composed of two distinct 
strata covered by about two feet of topsoil. Further examination of 
the soil in the top stratum with respect to the relative consistency, 
color, liquid limit, plastic limit, liquidity index and texture shO\.Js 
that this layer can be divided into two substrat3. The top substr.-1tum 
represented by sample 1, is softer, has a slight difference in color 
and has a higher liquid limit and plastic limit than the remainder of 
the samples 2 through 8. Sample 8 might possibly be considered a third 
substratum because it contains mica particles which were not present in 
the other samples. Also in another nearby boring made on the site, 
seams of fine to coarse sand were noted at this depth (3). 
because samples from this zone have the same properties as the soil 
above it will be considered part of that substratum. The 10\ver dark 
gray soil stratum exhibits very little variation other than a slight 
change in color in samples 15 and 16. This light gray color is due 
to small silt pockets in the soil. 
A more thorough examination of the properties of the soil in the 
top stratum reveals more characteristics of the soil. The liquid 
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limits range from 25.4 at the bottom to 41.7 at the top, the plastic 
limits range from 17.0 at the bottom to 20.6 at the top and the 
plasticity index ranges from 8.4 to a 21.1. These test values indicate 
sample 1 contains more clay and this clay is of low activity. Also, 
the aggregation of samples 2 through 8 contains a high percentage of 
silt. This is verified by an examination of the grain-size distribution 
curves of Fig. 1 which indicates a higher percentage of clay (38%) ~n 
sample 1 and a large percentage of silt (60%) in samples 2 through 8. 
The liquidity index values for all samples are small and negative with 
the exception of sample 1 which is positive. The liquidity index is a 
measure of natural moisture content with respect to the plastic limit 
and plasticity index, where the small values indicate the natural 
moisture content is near the plastic limit. A negative value indicates 
that the natural moisture content is below the plastic limit, and a 
positive value indicates the natural moisture content is above the 
plastic limit (24). When the natural moisture content is very low, 
the soil is either unsaturated, preconsolidated or both. In this case 
it is most likely preconsolidated because the soil is very moist at a 
depth of 6 feet and the water table is at a depth of 10 feet. Also, 
whenever natural moisture content exists below the plastic limit, the 
soil should be highly preconsolidated (19). 
Sample Depth Density Moisture 
No. (feet) (pcf) Content 
(percent) 
0.0-2.0 124 26.0 
. 1 2.0-3.5 136 25.0 
2 3.5-5.0 139 17.0 
3 5.0-6.5 139 16.8 
4 6.5-8.0 141 16.8 
5 8.0-9.5 136 16.8 
6 9. 5-11.0 137 16.8 
7 11.0-12. 5 NO 
8 12.5-14.0 137 15.4 
9 14.0-15.5 141 14.8 
10 15.5-17.0 143 13,6 
11 17.0-18.5 NO 
12 18.5-20.0 140 13.4 
13 20.0-21.5 142 13.8 
14 21.5-23.0 DISTURBED 
15 23.0-24.5 140 14.5 
16 24.5-26.0 137 16.0 
17 26.0-27.5 142 16.8 
18 27.5-29.0 139 14.7 
19 29.0-30.5 139 16.4 
TABLE I - SOIL PROPERTIES 
Liquid Plastic Liquidity 
Limit Limit Index 
(percent) (percent) 
41.7 20.6 +0.21 
28.4 17.5 -0.06 
27.1 17.5 -0.07 
26.0 17.5 -0.08 
28.2 18.6 -0.19 
27.8 18.2 -0.15 
RECOVERY 
25.4 17.0 -0.19 
23.7 15.4 -0.07 
24.0 15.5 -0.22 
RECOVERY 
23.5 15.6 -0.28 
24.8 16.5 -0.32 
26.2 16.3 
26.0 17.1 -0.29 
26.2 17.0 -0.11 
26.6 17.1 -0.03 
27.2 17.0 -0.23 





Dark brown to~soil 
Stiff, mottled brown, tan and gray 
silty clay with pebbles, jointing 
and black vertical seams 
~o~t~i~i~g_r£O!S ___________ 
Very stiff, mottled brown, tan and 
gray clayey silt with pebbles, 
jointing and black vertical seams 
£O~t~i~i~g_r~o~s- __________ 
Grading to very stiff to hard 
clayey silt with pebbles, 
jointing and ferromagnesian 
inclusions 
Water table @ 10.0 feet 
-------------------Grading with mica 
Very stiff to hard, dark gray 
clayey silt with pebbles and 
jointing 
-------------------Grading in color to dark gray 
_ !!}O~tle£ Ji_gh~ _gr~y- ________ 




The change in strata at 14.0 feet is very noticeable in color, 
and is also evident in the properties of the soils. The natural 
moisture contents, liquid limits, and plastic limits decrease and the 
density increases. By examining the range of liquid limits, 23.5 to 
27.2, and plastic limits, 15.4 to 17.1, it is evident that the soil 
contains a low clay content and a large percentage of silt. This can 
be verified by examination of the grain-size distribution curves in 
Fig. 2. The lowest percentage of clay is 11%, the average percentage 
of silt is about 60%, and in some samples there is a large percentage 
of sand. The liquidity index is negative for all samples, thus the 
natural moisture content is below the plastic limit which indicates 
the soil is also highly preconsolidated. 
There are several properties which are indicative of a glacial 
till and several were observed in these samples. Those properties 
which show evidence of preconsolidation and origin of the soil include 
a mottled color, presence of pebbles and occasional coarse gravel and 
jointing. The presence of these properties combined with the geo-
graphical location from which they were taken indicate that they are 
samples of a preconsolidated glacial till. 
Laboratory Test Results 
Many tests were run in the laboratory to classify the soil, to 
determine the strength of the soil, and to determine the compressibility 
of the soil. The results of the classification tests have been 
discussed in the previous section, thus this section will be concerned 
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TABLE II - LABORATORY TEST RESULTS 
"Standard" Pocket 
Unconfined Penetrometer ''thin-cakeu Preconso1idation 
1
Samp 1e Depth Strength Strength Stress Stress 
No (feet) (tsf) (tsf) (tsf) (tsf) 
1 2.0-3.5 1.16 1.40 1.94 2.25 
2 3.5-5.0 2.95 3.30 4.10 6.60 
3 5.0-6.5 3.17 4.50 4.15 7.60 
4 6.5-8.0 3.68 4.25 4.15 6.00 
5 8.0-9.5 3.91 4.50-++ 6.95 10.50 
6 9.5-11.0 6.15 4. 50-t+ 5.60 11.50 
8 12.5-14.0 - 4.50+ 7.50 9.00 
9 14.0-15.5 3.23 3.40 4.40 11.00 
10 15.5-17.0 4.42 4.35 5.25 5.50 
12 18.5-20.0 4.24 4.50+ 5.25 6.40 
13 20.0-21.5 3.27 4.50+ 4. 25 6.00 
14 21.5-23.0 
-
3.45 DISTURBED SA1<1PLE 
15 23.0-24.5 3.72 2.60 6.05 8.30 
16 24.5-26.0 2.43 3.40 2.40 4.90 
17 26.0-27.5 - 3.70 DISTURBED SAMPLE 
18 27.5-29.0 
-
4.30 3.90 4.00 


























































the values obtained from the following tests: "standard" unconfined 
compression, pocket penetrometer, "thin-cake" unconfined compression 
and consolidation. 
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The values obtained from the unconfined compression tests indicate 
an increase in compressive strength with increasing depth for the upper 
stratum. The strengths for the lower dark gray stratum indicate an 
erratic pattern with the strengths at the top and bottom higher than 
those in the middle. This difference in strengths can probably be 
attributed to sample disturbance, since Shelby tube samples 15 and 16 
were softer at the top and showed a greater moisture content at the top 
than at the bottom. An increase in moisture content will cause a 
decrease in strength (2). There was also a noticeable difference in 
the strain at which the test samples failed. All samples failed in 
shear, but the strain at failure for the samples from the upper stratum 
was very consistent (ranging between 6% to 9%). The samples in the 
lower stratum failed between 5% and 15% strain with the largest strains 
noted for samples exhibiting the lowest strength. 
The pocket penetrometer test results are in the same general 
pattern as the unconfined compressive strengths with the pocket 
penetrometer values being higher than the unconfined compressive 
strengths except in samples 15 and 19. 
The "thin-cake" unconfined compression test is not a standard 
laboratory test. This test was suggested by Calhoon (3) as a method 
for estimating the preconsolidation stress of a soil. The method for 
determining the "thin-cake" stress of the test sample is illustrated 
· F. 3 The "thin-cake" stress is determined by extending the ~n ~g. . 
l (J 
straight line portions of A and B of th(' stress strain l'llrv,· 11ntil t!Hv 
intersect at point C. 
the test. 
This point indicaLl'S tlw "thin-cakv" strc·ss for 
An examination of the test values in Table Il, indicate that th(' 
results of "thin-cake" test have the same general trend as tlw othvr 
strength tests, i.e., increasing with increasing depth for the uppvr 
stratum and a somewhat erratic pattern for the lower stratum. hlhcn 
comparing the "thin-cake" test values with the preconso 1 ida t ion s t n· ss 
obtained from the consolidation tests, Fig. 4, it can he SC'l'n that tlw 
plotted points fall within a narrow band. WllC'n comparing tlw 
individual values for each sample, the values for thL· "thin-cakl'" test 
are always less than the preconsolidation stress obt<Jinc>d from tlw 
consolidation tests. The "thin-cake" value is dPfinitcly <1 function 
of the preconsolidation stress, but it is not equal to the prcconsoli-
dation stress as obtained from the consolidation tests. The "thin-cake" 
test appears to be a better test for the lower prcconsolidation 
stresses, for example, for sample 1 a very good correlation between the 
"thin-cake" test and preconsolidation stress is noted. In comparing 
the "thin-cake" test \vith the unconfined compression test, it \.Jas found 
the "thin-cake" test value was above the unconfined compression 
strengths except samples 6, 16, and 19. Also the values obtained for 
the "thin-cake" test occurred within the same range of strain as the 
unconfined compression strains at failure. 
When analyzing the basic properties of the soil, it \vas concluded 
the soil was probably highly preconsolidated and by an analysis of the 
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set of samples were consolidated to a maximum stress of 32 tsf and after 
examining the test results it was decided to increase the maximum 
consolidation stress for the remaining samples to define better the 
consolidation curve for these samples so the maximum stress was 
increased to 40 tsf for two samples, 64 tsf for four samples, and 80 ts£ 
for three samples. The void ratio versus log of pressure curves for 
these consolidation tests are in the Appendix. The high consolidation 
stresses were needed to consolidate the samples far enough on the 
consolidation curves to reach the virgin branch of the curve. This is 
explained by the very low initial void ratios that ranged from .371 to 
.485 with the exception of sample 1 which was .807. Even with these 
high consolidation stresses on the soil the void ratios of the soil 
samples changed very little, for example, sample 10 changed from an 
initial void ratio of .389 to .270 under 80 tsf maximum consolidation 
stress. The results of these small changes in void ratios were 
gradual curves for the consolidation curves which are even more 
emphasized by the large choice of scale for the ordinates. Because of 
the large amount of curvature, it was difficult to select the minimum 
radius used to determine the preconsolidation stress following the 
graphical construction procedure suggested by A. Casagrande (4). The 
preconsolidation stresses determined indicate a general increase with 
increasing depth for the upper stratum with the highest value at 11.5 
tsf for sample 6. In the lower stratum, the top sample, sample 9, 
showed a very high preconsolidation stress, but the remaining samples 
indicated lower values with the highest preconsolidation stress being 
8.3 tsf for sample 15. Since samples 1 through 8 are to be compared 
with the results of the Geoprobe testing, further analysis of the 
19 
consolidation test results for these sampleswere made following the 
graphical construction procedure suggested by Schmertmann (20) for 
determining the minimum possible preconsolidation stress. A line 
which represents the geologic rebound is constructed parallel to the 
laboratory rebound curve, intersecting the point representing the 
field overburden and void ratio, and intersecting an extension of the 
laboratory initial virgin slope. The intersection of the geologic 
rebound and extension of the virgin slope represents the minimum 
possible preconsolidation stress. The construction procedure is 
illustrated by the dashed line on the consolidation curves in the 
Appendix. This method indicated minimum preconsolidation stresses 
equal to or less than the preconsolidation stresses obtained by 
Casagrande's method (4). The minimum preconsolidation stress obtained 
for sample 8 was much less than the maximum value. This may be a 
result of excessive sample disturbance when removing the sample from 
the Shelby tube. Using this analysis indicates that the selected pre-
consolidation stresses are at least at or above the minimum possible 
value. 
Two consolidation test samples, samples 5 and 15, were consolidated 
to 32 tsf unloaded to ~ tsf and reloaded to 64 tsf. The resulting 
hysterisis loops, which are shown in void ratio versus log of pressure 
curves in the Appendix, are very shallow and the unloading and reloading 
portions of the curves have very similar slopes. This indicates that 
Schmertmann's assumption, the reloading portion of the hysterisis loop 
and unloading curve have similar slopes, is valid for these tests and 
that the graphical construction for determining the minimum possible 
preconsolidation load can be used. 
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The e/p ratio is a ratio of shear strength to effective overburden 
stress ~nd values of this ratio are given in Table II for all samples 
which a shear strength could be determined. The shear strength or 
cohesion c was considered to be equal to one-half the unconfined 
compressive strength. This is valid for a clay that behaves, with 
respect to applied stresses at failure, as a cohesive matedal with an 
angle of shearing resistance equal to zero (~=0) (23). The validity 
of this assumption for this soil is questionable since it is highly 
preconsolidated and a clayey-silt which probably possesses very little 
cohesion. Bjer~um (1) and Skempton (23) found that some Chicago soils 
posses$ed almost no cohesion. The c/p ratio is such that any soil 
which nasa c/p ratio in the range of 0.15 to 0.30 is considered to be 
normallY consolidated and any value above this range tends to indicate 
a preconsolidated soil. The ratios for these soil samples range from 
0.95 to 4.77 which indicates this soil is highly preconsolidated. The 
high cjp ratios are all in the upper stratum, which once again tends 
to inqicate th~t the upper stratum is highly preconsolidated and is 
preconGolidated to a higher degree than the lower stratum. 
v~lues for the slope of the virgin portion of the e-log p curves 
(Cc) ~ore reasonably consistent for the consolidation test samples 
from ~~ch layer with the upper stratum having a different range of 
value~ than the lower stratum. This consistency of the values 
indic~tes the variation in test results was not significantly changed 
by th~ increased maximum consolidation stress. Once again, sample 9, 
from tPe tower stratum, was similar to the upper stratum and sample 19 
also h~d a higher value equivalent to the upper stratum. Comparing Cc 
~1 
in Table II to the equation Cc=.007 (LL-10), where LL is the liquid 
limit (Table I) in percent of the dry weight of the clny, it \vns found 
the average Cc from the upper stratum could be obtained from Cc=.0067 
(LL-10) and for the lower stratum Cc=.0052 (LL-10). Equation Cc•.007 
(LL-10) represents test results obtained from samples selected 
randomly from different parts of the world which included both ordinary 
and extrasensitive clays. Test results of all these samples vary from 
the values detemined with the equation by about +30'.%. The values 
obtained for Cc of the glacial till is within these limits, thus the 
relation between the compressibility and liquid limit agrees well with 
those obtained for other soils (22,24). Also, in comparing soil 
properties and laboratory test results of the glacial till with 
properties obtained for other soils in the Chicago aren by Peck nnd 
Reed (18), it was found that the glacial till from Aurora, Illinois, 
was a typical soil of the Chicago area. 
Geoprobe Test Results 
The Geoprobe test results and calculations are summarized in 
Table III and the curves obtained from the tests are in the Appendix. 
Two curves are obtained from each test, the load cell diameter versus 
pressure curve and the creep curve. The load cell diameter versus pres-
sure curve is a curve of the increase in load cell diameter with each 
increase in pressure and the creep curve is the change in diameter at 
each constant pressure due to creep at that pressure. Three values; 
limit pressure (PI), deformation modulus (E), and creep limit (Pf), arc 
obtained from the curves for calculating the properties of the soil. 
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The limit pressure is the maximum applied pressure acting on the bore 
hole wall when in the plastic range of the soil, the deformation 
modulus, which actually is a shear modulus, is a function of the slope 
of the load cell diameter versus pressure curve when the soil is in 
the psuedo-elastic range, and the creep limit is the pressure at the 
point where the diameter creep begins to increase rapidly. Some of the 
equations which use these values are listed in the Appendix (11,15,16). 
Using Menard's rules (16) and the methods suggested by Calhoon (3), 
the shear strengths, bearing capacities, settlements and preconsolidation 
stresses were calculated. The rules established by Menard are comprised 
of statements and a supporting equation which contains constants 
established by Menard with some of these constants and equations being 
very tedious to use. 
An examination of the test curves shows that the pressure in all 
the tests were not sufficient to attain the limit pressures, therefore 
it was necessary to estimate a portion of the load cell diameter versus 
pressure curves in order to obtain an approximate limit pressure for 
analyzing the Geoprobe. Also, to analyze the test at 13 feet, the creep 
limit was assumed at the final pressure because as previously mentioned 
the creep limit was never reached during the test. 
No definite rule has been established for calculating the 
preconsolidation stress using the Geoprobe, but Calhoon (3) suggests 
the best estimate of it is to assume it is equal to the creep limit 
minus the lateral earth pressure at rest. In cases where the lateral 
earth pressure at rest cannot be observed, it is assumed to be equal 
to the overburden pressure, as was the case with these tests. Another 
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calculation suggested by Calhoon (3) which is not in Menard's rules (16) 
is a simple equation for determining the bearing capacity. The be3ring 
capacity can be found by subtracting the overburden presst1re from the 
creep limit and then dividing the number by two. 
These are basically the methods used for determining the 
properties of the soil using the Geoprobe and all the values that have 
been determined from these tests are listed in Table III. Examining 
these values, it can be seen that the values increase with increasing 
depth in a similar manner to the laboratory tests. A very notice3ble 
increase occurs in the deformation modulus for 13 feet which indic3tcs 
a very stiff or hard soil at that depth. All these values will be 
discussed further in the comparison of the Geoprobe test results to the 
laboratory results. 
Comparison of Test Results 
To compare the two methods of testing the soil, a 6 foot x 6 foot 
footing, exerting a pressure equal to the allowable soil pressure, was 
chosen as an example. Calculations for bearing capacity and settlement 
are determined for the footing with the values shown in Table IV. 
The allowable soil pressure for the footing was determined from 
the Geoprobe by calculating the shear strength of the soil and then 
doubling the value to obtain the compressive strength. The allo\vable 
soil pressure calculated from the Geoprobe compressive strength compares 
very well with the laboratory values, but the allowable soil pressure 
calculated from the creep limit is much lower. The calculation of the 
allowable soil pressure using the creep limit evidently is not a 
satisfactory method for this soil" 
TABLE III - GEOPROBE TEST RESULTS 
Allowable 
Shear Unconfined Stress Using 
Test Depth p1 Pf Pc E Strength Strength Shear Strength 
No. (feet) (tsf) (tsf) ( tsf) (tsf) (tsf) (tsf) (tsf) 
1 4 6.47 3.96 3.77 33.6 1.42 2.84 4.12 
2 7 8.50 3.88 3.41 34.6 1.91 3.82 5.15 
3 10 9.20 6.05 5.37 39.1 2.26 4.52 5.76 
~- ._ __ 13 --- 14_,_00 8,Q_3~ 7.75 151 2.40 4.80 5.70 ~-----------
TABLE IV - COMPARISON OF TEST RESULTS 
Bearing Capacity Preconsolidation 
Allowable Stress Settlement Stress 
(tsf_} (inches) (tsf) 
Depth Geoprobe Lab Geoprobe Lab Geoprobe Lab 
(feet) Using Using 
Creep Unconfined 
Limit Strength 
4 1.85 4.12 4.24 2.73 .89 3.76 6.60 
7 1. 71 5.15 4.95 3.18 1.02 3.40 6.00 
10 2.66 5.76 6.12 3,35 .92 5.40 11.50 
































The settlement calculations do not compare as well as the allow-
able soil pressures. The Geoprobe settlements were calculated 
according to Menard's rules (16) and the laboratory settlements were 
25 
calculated from the consolidation curves using the graphical method 
suggested by Schertmann (20). Schmertmann's method of estimating the 
field e-log p curve can be used if the magnitude of the precompression 
is 0.4e0 (24) or 0.42e 0 (20). It can be seen from the consolidation 
curves in the Appendix that with such a highly preconsolidated soil 
it is difficult to reach a precompression of 0.4e0 or 0.42e 0 , even 
with 80 tsf maximum consolidation stress. In order to use the 
graphical method for this soil, it was found that the virgin portion 
of the e-log p curve could be extended without affecting the 
reliability of settlement calculations from the constructed field 
curve. The settlements calculated indicate a large variation between 
the two methods with the Geoprobe indicating approximately 3 inches 
and the laboratory indicating approximately 1 inch. Sample 
calculations for these settlements are illustrated in the Appendix. 
The laboratory settlement values would appear to be more reliable 
because all the tests run in the laboratory indicated a highly pre-
consolidated soil which indicates there should be very little 
settlement of the foundation if the soil pressure does not exceed 
preconsolidation stress. The Geoprobe deformation modulus could be 
the source of the discrepancy because it is a controlling factor in 
the settlement analysis suggested by Menard (15, 16). The deformation 
modulus appears to be too low for such a highly preconsolidated soil 
and it would be more reasonable if it was equal to the deformation 
modulus for the test at 13 feet. If this modulus is used by itself 
to calculate the settlement, it gives a value very close to the 
laboratory value. 
When comparing the Geoprobe preconsolidation stress with the 
labortory preconsolidation stress, it is found that the Geoprobe 
value increases with the laboratory value but the Geoprobe value is 
always less. The Geoprobe value being lower is on the safe side 
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when designing, but which one is the correct preconsolidation stress? 
According to Vargus (25) the consolidation test does not always give 
the correct preconsolidation stress and according to Crawford (5) 
the preconsolidation stress can be determined satisfactorily but the 
stress obtained varies with the test loading procedure. Both of these 
tests indicate the preconsolidation stress is high and possibly the 
higher the preconsolidation stress the greater the discrepancy between 
different tests. The preconsolidation stress of the soil was also 
determined by the unconfined "thin-cake" test, a test suggested by 
Calhoon (3) as a possible method of determining the preconsolidation 
stress. This test also follows the other estimates of the pre-
consolidation stress, but it also falls below the consolidation test 
value. Which test values are the correct preconsolidation stresses 
is not known, but all the tests show the same pattern which means 
they all are indicators of the preconsolidation stress. 
The "thin-cake" stresses indicate a very good correlation with 
d •f h II h. k II t . the creep limit of the Geoprobe an ~ t e t ~n-ca e s ress ~s 
plotted versus the Geoprobe creep limit a straight line can be 
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Geoprobe Creep Limit in tsf 
FIG. 5 - "THIN-CAKE" STRESS VERSUS GEOPROBE CREEP LIMIT 
that these two tests can show such close correlation, since they both 
measure the stress-strain properties of the soil and they both obtain 
the stress from a point which represents the maximum stress for a 
minimum amount of strain. 
CONCLUSIONS 
The preconsolidation glacial till from Aurora, Illinois was 
tested "in-situ" with the Geoprobe and in the laboratory, with the 
following conclusions being drawn from these tests: 
1. The calculations for bearing capacity and settlement using 
data obtained from laboratory tests and the Geoprobe showed there was 
good agreement between the two methods on the bearing capacity of the 
foundation. However, the settlement calculations differed, with the 
Geoprobe data indicating that a greater settlement would occur. This 
indicates the method of calculating settlements from the Geoprobe 
should be studied further with respect to other soils to determine 
the validity of the method. 
2. The thr8e tests used for determining the preconsolidation 
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stress; consolidation, "thin-cake", and Geoprobe tests, indicated a 
wide variation in results with the consolidation test showing the 
highest stress. Even though there was a variation in the test values, 
all three tests indicated the same preconsolidation stress pattern, 
thus all the tests are a function of the preconsolidation stress. The 
lowest preconsolidation stress obtained from each test was in very 
good agreement, thus indicating that the "thin-cake" and Geoprobe tests 
are a better measure of lower preconsolidation stresses. 
3. The "thin-cake" test maximum agreed with the Geoprobe creep 
limit, which is indicative of good agreement between two testing 
methods for defining the stress strain properties of the soil. 
4. It is believed the Geoprobe can become a more reliable soil 
testing device with further testing and with further refinement of 
Henard's rules. 
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APPENDIX II - GEOPROBE EQUATIONS 
Deformation Modulus 






r 0 (1 + cr) 
= pressure change at probe 
= radius change of bore hole 
= initial radius of bore hole 
~=Poisson's ratio (~ = 0.3 is a good average 
Shear Strength 









for all soils) 
pressure at rest 




K = a coefficient which is a function 
of the depth and soil type 
Peq· = JP1 x P2 , P1 is the limit pressure at 
the foundation level and P2 is the 
limit pressure at the depth z 
qa = qj3 
where: 
qa = allowable soil pressure 
Factor of Safety = 3 
Settlement 
where: 
w2 = settlement due to angular deformation 
(deviator stress tensor) 
w3 = settlement due to volumetric 
variations 
(spherical stress tensor) 
= 2 (1 +cr- ) 
3E 
where: 
X 2 = shape coefficient of foundation 
~= rheologic coefficient which varies with 
the structure of the soil 
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R = ~ width of foundation 
0"= 0.3 
p = pressure transmitted to soil 
When a soil is non-homogeneous an 
equivalent modulus of deformation 
is computed as follows: 
The deviatoric zone is divided into five 
layers, 
1. 0 < Z < R El/2 
2. R < Z <2R E3 
3. 2R < Z <SR E4/S/6 
4. SR < Z<BR E7/8/9 
5. BR < Z<l6R El0/11/12 
4 
E = 1 1 1 1 1 
El/2 + 0.85E3 
+ E4/5/6 1- 2.SE7/8/9 + 2.5EIO/ll/12 
w3 = 1 (j. p R ~3 
4.5 E 
where: 
~ 3 = shape coefficient 
When a soil is non-homogeneous, an equivalent 
modulus of deformation is computed as follO\vS: 
Thespheric zone is divided into two layers, 
1. 0 < z < ~R El 
2. ~R<Z < R E2 
E = 2 1 + 1 El Ez 
APPENDIX III - SETTLEMENT COMPUTATIONS 
Geoprobe 
For 6' x 6' footing at depth of 4 feet. 
w = w2 + w3 
w2 = 2 (1 + cr) 
3E 
Edeviatoric = __ 1 __ + --~1~­
E1;2 0.8SE3 
4 
+ 1 + 1 + 1 
E 4/5/6 2 -SE7/8/9 2.5El0/ll/12 
E1 / 2 = 33.6 tsf, E3=34.6tsf, E4 ; 5; 6=39.ltsf, El/S/g=95tsf 
E10111112 = 40 tsf (estimated) 
Edeviatoric = 39.0 tsf 
cr= 0.3 
p 4.18 tsf 
2 1.0 
• 58 
Wz = 2.1 inches 
w3 = 1 c4 p R ).3 
4.5 E 
Espheric = 2 
1 1 + El E2 
E1 = 33.6 ts f, E2 = 34.6 tsf 
Espheric = 34.1 tsf 
c:(..= .58 
~3=1.1 
p = 4.18 tsf 
l ') 
W3 = .63 inches 
W = 2.1 + .63 = 2.73 inches 
Laboratory 
For 6' x 6' footing at depth of 4 feet 
6e S = H ( ~ r + eo 
H = 12 ft • 
Po = . 63 
6p = 4.18 tsf 
eo = .45 
6e = .009 
s = .89 inches 
36 
37 
APPENDIX IV - GEOPROBE TEST CURVES 
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APPENDIX V - CONSOLIDATION TEST CURVES 
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APPENDIX VI - GEOPROBE TEST PROCEDURE 
Before any tests are performed with the Geoprobe, the Geoproht· 
ell must be calibrated. The calibration is necessary to relate tht· 
ecorder channel to the diameter of the Geoprobe cell. Upon cal i-
ration of the Geoprobe ce 11, the testing can be performed as fa 11 ows: 
1. The pressure increments and duration of the pressure arc 
determined by the engineer in accordance with the type of 
test required and type of material being tested. 
2. The Geoprobe ce 11 is then inserted into a clean bore llo 1 l' (if 
proper dimensions to the desired elevation for the test. 
3. The pressures are then app 1 ied according to the progr a1~1 wi tl: 
the pressures and change in diameter of the cell being autt'-
matically recorded on a chart. 
h G b ell is deflated 4. Upon completion of the test t e eopro e c 
and moved to the next test elevation. 
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